Introduction
============

Abusive head trauma (AHT) is a major cause of severe head injury in infants,^[@B1]^ as 64% of all head injuries or as 95% of serious intracranial injuries.^[@B2]^ From another point of view, physical abuse is common among child abuse. In physical abuse, the most common cause of mortality is head injury represented by acute subdural hematoma (SDH).^[@B3]^ In addition to acute SDH, AHT has been classically characterized in North America as follows: infant is the most common victim, shaking or shaking-impact is the most common mechanism of trauma, retinal hemorrhages are commonly complicated, male, including fathers and mother's boyfriends, are more common perpetrators than female, and so on.^[@B4]^

In Japan, it has been estimated that the number of cases with child abuse is increasing. According to a statistic report from the Japan Ministry of Health, Labor, and Welfare, approximately 66,000 cases of child abuse were consulted at child welfare institutions in 2013. The number of child abuse was 5.7 times larger since the proclamation of the Child Abuse Prevention Act in 2000. Most of the clinical characteristics of AHT in Japan have been similar to those in North America, however, several characteristics have been different as follows: mother is the most common perpetrators, impact is a more common mechanism of trauma than shaking, and external trauma is more common reflecting the existence of impact.^[@B5]^ Child abuse may be a social pathological phenomenon influenced by the victims, the perpetrators including parents and other caregivers, socioeconomic circumstances, and so on, suggesting that various aspects surrounding child abuse as well as AHT have potentials to change with time.^[@B6]^ Actually, a recent paper suggests such changes in infants with acute SDH due to AHT.^[@B7]^ These facts suggest that participants for the management and treatment of abused children may have to update the trends of the characteristics concerning AHT.

In this review article, child abuse is reviewed from the aspect of neurosurgical perspectives, including its mechanisms, clinical features, management, and prognosis, including the trends of infantile acute SDH due to AHT in Japan.

Historical Overview and Terminology
===================================

Child abuse has been recognized by the late 19th century, at the latest. Caffey reported six cases with multiple long-bone fractures in infants suffering from chronic SDH, to provide attention to arousing child abuse as a cause of trauma.^[@B8]^ In 1962, Kempe et al. reported multiple cases of abused child as battered child syndrome.^[@B9]^ Since then, the concept of child abuse has become widely recognized. In 1971, Guthkelch reported five cases with infantile SDH caused by acceleration/deceleration force by shaking.^[@B10]^ In 1974, Caffey proposed the concept of whiplash shaken infant syndrome,^[@B11]^ the so-called shaken baby syndrome (SBS). The concept was that shaking an infant's head by holding the arms or body trunk caused SDH and retinal hemorrhage without signs of external trauma to the head. In 1990, American Academy of Pediatrics gave warning for violent shaking of the head to be prevented, since it caused intracranial injuries and subsequent serious impairments.^[@B12]^

It was also suggested that not only shaking but also sudden deceleration associated with forceful striking of the head against a surface, was responsible for most of the severe inflicted brain injuries, the so-called shaken impact syndrome (SIS).^[@B4],[@B13]^ Considerable controversies might exist between SBS and SIS in their biomechanical concepts, however, general consensus might have been obtained in most part of this matter as follows: (1) SBS/SIS was seen more commonly in infants. (2) SBS/SIS was diagnosed by the presence of diffuse brain swelling, subdural hemorrhage, and retinal hemorrhages in the absence of documented extraordinary blunt force. Subarachnoid hemorrhage, diffuse axonal injury (DAI), and progression toward computed tomography (CT) images of "black brain" were seen in some cases, in addition to the classic triad above. (3) Cerebral edema and resultant neurological symptoms commence within a short time after shaking. (4) Primary injuries to the brain caused the signs and symptoms to determine the course of SBS/SIS. (5) Retinal hemorrhages occurred in the vast majority cases of SBS/SIS. (6) Signs of external trauma to the head and body might or might not be present. (7) Classic metaphyseal lesions of the long bones and posterior rib fractures might be seen in some cases. (8) Injuries to the neck muscles or cervical vertebrae were distinctly uncommon. (9) The injuries were caused by violent assault on the infant by the perpetrator and are not the result of rough play or short falls. (10) Esoteric disease states, such as osteogenesis imperfecta and glutaric acidemia, could be distinguished from inflicted injury. (11) SBS/SIS could be a single event in a child's life or it could be a series of events. (12) Based on limited information on outcome, 15--30% of SBS/SIS victims died, while the survivors were normal in less than 10% of the cases.^[@B14]^

In recent years, it has been suggested that AHT can occur not only by violent shaking of the head but also by other various mechanisms.^[@B15]^ American Academy of Pediatrics recommends that a less mechanistic term AHT, should be embraced, when describing an inflicted injury to the head and its contents.^[@B16]^

Epidemiology
============

It has been reported that the AHT is largely restricted to children under 3 years of age. The majority of cases occur during the first year of life.^[@B4],[@B17],[@B18]^ In a study of admitted children under 2 years of age with head injuries, 24% of injuries resulted from inflicted trauma.^[@B2],[@B19],[@B20]^ Such children commonly have evidence of previous abuse.^[@B21]^ In cases with traumatic intracranial hemorrhage, 68.6% of them occur in infants, 25.7% occur in 1--3 y.o., and 5.7% occur in 4 y.o. or older.

In Japan, AHT had been sparsely reported until 1990s.^[@B22]^ Since then, the number of cases with child abuse increased rapidly to exceed more than 10,000 cases in 2000, becoming a serious social problem. According to the recent statistic report from the Japan Ministry of Health, Labor, and Welfare, the number of cases with child abuse, processed at child consultation center in Japan, is 66,701 in 2012.

The types of abuse are classified into four types: physical abuse, sexual abuse, emotional maltreatment, and neglect. According to a recent report from the Japan Ministry of Health, Labor, and Welfare, emotional maltreatment is the most frequent as 38.4%, physical abuse is the second as 32.9%, neglect is the third as 26.1%, and sexual abuse is the fourth as 2.1%. Recently, the rate of physical abuse is decreasing, and the rate of both emotional maltreatment and neglect is increasing in Japan, as well as in North America. AHT is the most common in physical abuse, and is the most important factor which influences on survival and neuro-functional prognosis.^[@B4],[@B5],[@B23],[@B24]^ It has been reported that intracranial injury caused 49.2% of abused death in children.^[@B5]^ In a recent report, child abuse represented 38% of traumas, it was the cause of 71% of death and 90% of severe disability.^[@B25]^

Most of the clinical characteristics of AHT in Japan have been similar to those in North America. However, several characteristics have been different as follows: mother is the most common perpetrators, impact is a more common mechanism of trauma than shaking, and external trauma is more common reflecting the existence of impact.^[@B5]^ Although restricted in infants with acute SDH due to AHT, composition ratio of the perpetrators is suggested to be changing in Japan.^[@B7]^

According to the annual report from the Japan Ministry of Health, Labor, and Welfare, the number of death from child abuse were approximately 50--60 cases/year, unchanged during the period of 2003--2012. In the same period, total number of child abuse increased 2.5 times fold from 26,569 cases in 2003 to 66,701 cases in 2012. Thus, it has been suggested that the recent increase of child abuse is brought by the spreading recognition, early detection, and early intervention for child abuse, leading to prevent the occurrence of serious cases.^[@B7]^

Biomechanics
============

Studies of the biomechanics of brain injury have established that forces applied to the head that result in a rotation of the brain cause diffuse brain injuries. It is this type of movement that is responsible for the DAI and SDH. In contrast, forces that result in a translation movement are generally less injurious to the brain, with the effects largely determined by the specific focal contact forces. The type and severity of the injury are determined both by the type of deceleration and its magnitude. In infants and young children, household falls causing head injuries mainly involve low-velocity translational forces. Rotational deceleration is distinctly uncommon.^[@B19]^

The most common cause of AHT may be shaking in North America. Rapid, impulsive, emotional, and violent shaking often occur, when an infant is crying, suckling, or training for excretion.^[@B26],[@B27]^ Violent shaking affects the intracranial contents, to produce rapid and repeated acceleration-deceleration movement as well as angular movement. Another common cause may be impact, often complicated with shaking. The magnitude of angular deceleration is 50 times as great when the head of an infant model held by the trunk forcefully strikes a surface as when shaking alone.^[@B28],[@B29]^ When the surface is soft, the force of the impact is widely dissipated and may not be associated with visible signs of surface trauma, even though the brain itself decelerates rapidly.^[@B4]^ This angular force is distinct from the forces generated in most cases of accidental trauma in infants. It is supported by the fact that the majority of abused infants have clinical, radiologic, or autopsy evidence of blunt impact to the head.^[@B4],[@B13],[@B21]^

Such AHT occurs most commonly in infant because of anatomical and physical characteristics, such as large size of the head compared to the body trunk, large amount of water content of the brain, immature cervical spine and insufficient strength of cervical muscles, large subarachnoid space, and immature myelination.^[@B13],[@B17],[@B30]^ Shaking and/or shaking-impact force under such circumstances expose brain to various movements against skull and dura maters, resulting in shearing of bridging veins.^[@B31]^

In Japan, impacts may be the most common mechanism of AHT. Miki et al. summarized the traumatic mechanisms of AHT in Japan as follows: direct blow is the most frequent as 37%, thrown is the second as 31%, dropped is the third as 14%, and shaking is the next as 10%.^[@B15]^ In contrast, SBS has been more common in the United States than Japan, as shaking related 68% or caused 38% of abusive injuries.^[@B4],[@B10],[@B11],[@B17],[@B32]^ Concerning the mechanism of AHT, it is interesting that the most common intracranial lesion of AHT is acute SDH in both the United States and Japan, despite the most common mechanism of injury is quite different between Japan and the United States. However, no reasonable explanation has been established concerning this issue.

Pathophysiology
===============

I.. Acute SDH
-------------

The most common intracranial lesion has been proposed as the acute SDH in AHT. From the view point of SDH, it was reported that abuse was confirmed in 59%, unintentional injury in 23%, and indeterminate cause in 18% in cases with acute SDH, who are 36 months old or younger.^[@B33]^ The mean age of abused children with acute SDH was 8.7 ± 8.1 months old, as with unintentional injuries was 19.1 ± 10.0 months. Chronic or mixed acute and chronic SDHs were found only in 44% of abused children and 67% of cases with indeterminate injury, but not in cases with unintentional injury. Long bone and/or rib fractures were found in 51% of abused children, but in only one unintentionally injured child. They concluded that one-fifth of infant SDH resulted from unintentional trauma. Of those without obvious unintentional trauma, 76% were corroborated to have been abused. Acute SDHs commonly occur along parietal or occipital falx and tentorium. In general, the amount of acute SDHs are small and rarely causes death. Acute SDHs often cause brain swelling and intracranial hypertension.^[@B14]^

Compared to unintentionally injured children, abused children were younger, more likely to have chronic SDHs and multiple associated injuries.^[@B33]^ It has been reported that 44% of infants with chronic SDH were thought to have sustained previous abusive injuries.^[@B34]^ Concerning chronic SDH, it has been reported that 46% of neonates have SDH that formed in the perinatal period during labor and its potential relationship to the misdiagnosis of abused head trauma even during infanthood as chronic SDH.^[@B35]^

Differential diagnosis includes coagulopathies, meningitis, metabolic diseases such as glutaric aciduria, osteogensis imperfecta, and accidental infantile SDH. Accidental infantile SDH has been proposed to be caused by a short-distance fall (fall from a height less than 5 feet). Accidental infantile SDH are characterized as: the patients are predominantly male, the mechanism of trauma is mild such as fall on the ground, most patients develop generalized tonic seizure, all patients have retinal hemorrhages, patients at the age of 7--10 months old are the most common, most of the patients result in good outcome and not recurred.^[@B36],[@B37]^ Since SDHs are rarely caused by accidental low-energy short-distance falls,^[@B36]--[@B39]^ the existence of accidental infantile SDH has been mostly denied in the United States.

II.. Intracranial lesions other than acute SDH
----------------------------------------------

Traumatic subarachnoid hemorrhages, cerebral contusions, diffuse brain injuries, diffuse brain swellings are also involved as intracranial lesions of AHT other than acute SDH. Acute epidural hematomas are rarely involved. When shaking is the main cause of AHT injury, shearing injuries^[@B24],[@B40],[@B41]^ or cervical cord injuries^[@B17]^ are also included. In chronic stage, intracranial AHT lesions include chronic SDHs and diffuse hemispheric atrophy.

III.. Skull fracture
--------------------

Skull fracture is usually produced by an impact, and the fractures in AHT may not be suffered from a mild and simple trauma such as a fall. The severity of the skull fractures are various in AHT. In AHT, severe force are often inflicted, the fractures often have multiple fracture lines, widely dissected, and bilateral. In cases with depressed fractures, the fractures are often opened and broad area is involved. Parietal and occipital convexity are common site of fractures as well as skull base.^[@B31],[@B42]--[@B44]^ Coexistence with an old fracture is thought to be another characteristic of AHT skull fracture.

Clinical Features
=================

Common symptoms include lethargy, irritability, meningismus, seizure, increased or decreased tone, consciousness disturbance, vomiting, poor feeding, breathing abnormalities, and apnea. Approximately half of the patients with AHT have severe impairment, are unresponsive, have opisthotonos, or are moribund.^[@B45]^ The fontanelle may be full. Seizures are in 40--70% of patients.^[@B18],[@B46]^ The patients are often complicated with hypotension and hypoxemia, leading to diffuse cerebral ischemia and subsequent diffuse hemispheric atrophy of the brain. An anemia can occur in thick acute SDH. Even cases with thin acute SDH may result in poor outcome, when epileptic seizures are abandoned to delay receiving appropriate treatments. Transport to an appropriate medical facility is often delayed.

General physical findings include bruising, swelling, a pattern of cutaneous marks, and burns. In some patients, no extracranial injuries are detected. Some cutaneous injuries become visible only after admission. In some patients, soft-tissue injuries such as scalp hemorrhages, are noted only at autopsy.^[@B21]^ In cases with AHT, intracranial hematomas are the most common as 53.4%, blows and scalp hematomas are the second as 28.2%, skull fractures are the third as 15.3%, lacerations are the fourth as 3.1%, in order.

I.. Victims, perpetrators, and social circumstances
---------------------------------------------------

It has been reported that risk factors for non-accidental injuries in children include young parents, unstable family situations, low socioeconomic status, and disability or prematurity of the child.^[@B47],[@B48]^ Early papers suggested that females were the most common perpetrators of fetal child abuse in the United States.^[@B49],[@B50]^ Bergman et al. found that, in severe child cases resulting in permanent injury or death, fathers and boyfriends were the most common perpetrators.^[@B51]^ Starling et al. also revealed fathers and boyfriends to be the most common abusers.^[@B48]^ In their report, fathers are the most common perpetrators as 37%, mothers' boyfriends are the second as 20.5%, female baby sitters are the third as 17.5%, and the mothers are the fourth as 12.6%. Lazoritz et al. reported that the fathers were the most common perpetrators as 33%, mothers' boyfriends as 20%, and the mothers as 6.5%.^[@B6]^ The rate of baby sitter is varied ranging from 4% to 30%.^[@B48],[@B52],[@B53]^

In Japan, it has been proposed that the mothers are the most common perpetrators as 53.7%, and the fathers are the second as 28.4%. Although restricted in abused infants with ASDH, a recent report from Japan demonstrates changes in the composition rate of the perpetrators as: fathers are the most common perpetrators as 39%, mothers are the second as 27%, and mothers' boyfriends are the third as 17%.^[@B7]^ In addition to changes in the perpetrators, abused infants without external trauma is also demonstrated.

II.. Retinal hemorrhage
-----------------------

In AHT, the retinal hemorrhages are frequently complicated as 50--100%.^[@B2],[@B4],[@B18]^ They are numerous, can be unilateral or bilateral, and occupy multiple layers of the retina extending to the periphery.^[@B14]^ Laterality of the retinal hemorrhage does not always meet the laterality of the SDHs. The rate of retinal hemorrhage is much higher in AHT (11.8--73.2%) than in adult severe head injury (1.18--3.33%).^[@B54]^ The presence of dense vitreous hemorrhage in infants with AHT has a poor visual prognosis, due to the frequent concomitant occurrence of significant retinal pathology. In contrast, infants with only intraretinal or subhyaloid hemorrhage tend to have a much better prognosis, with less disruption of the intraocular structure.^[@B55]^ Recent report indicated that SDHs were significantly correlated with retinal hemorrhage and child abuse.^[@B25]^ The sensitivity of retinal hemorrhage for the diagnosis of child abuse was 75%, and the specificity of it was 93.2%. Retinal hemorrhages associated with accidental trauma were mild, and the specificity of more severe retinal hemorrhage was 100%, although the grading of retinal hemorrhage requires the expertise of a trained neuroophthalmologist.

The mechanisms of retinal hemorrhage have not been well established yet, but several mechanisms are supposed to be related, including Purtscher's retinopathy due to intrathoracic pressure increase, intracranial hypertension, increased retinal venous pressure, extravasation of subarachnoid blood, and traction of retinal vessels at the vitreoretinal interface due to angular deceleration.^[@B14],[@B30],[@B56],[@B57]^ Since AHT is strongly associated with retinal hemorrhages, it is strongly suspected in infants with retinal hemorrhage.^[@B56]^ However, retinal hemorrhages are not always specific for the diagnosis of abusive trauma.^[@B29]^ Differential diagnosis includes either severe or mild accidental trauma suffering SDHs,^[@B19],[@B36],[@B39],[@B58],[@B59]^ non-traumatic subarachnoid hemorrhage, sepsis, coagulopathy, galactosemia, severe hypertension, and so on.^[@B60],[@B61]^ In addition, retinal hemorrhages are seen in up to 25% of vaginally delivered newborns.^[@B62]^ The diagnosis of AHT cannot rest on the findings of retinal hemorrhage alone, but the findings of severe bilateral retinal hemorrhages with retinal folds or detachments is particularly suggestive of the diagnosis. The importance of fundoscopic examination has been suggested to detect not only fresh retinal hemorrhages but also old traumatic fundus changes. It has been stressed the importance of ophthalmologists participation from the first medical contact, since physicians other than ophthalmologists misdiagnosed 29% of retinal hemorrhages.^[@B44]^

Diagnosis
=========

I.. Radiological features
-------------------------

A CT may be essential to detect intracranial lesions in abusive head trauma. Subdural or subarachnoid hemorrhage can nearly always be detected on CT.^[@B29]^ Hemorrhages most often appear as unilateral or bilateral high density collections of fresh blood that are thin but extensive; a particular propensity for the interhemispheric fissure, especially posteriorly, is well documented.^[@B63],[@B64]^ In addition, extensive loss of gray-white matter differentiation and diffuse hemispheric hypodensity have been known as a unique CT finding associated with SDH in infancy. This finding can be unilateral or bilateral. The basal ganglia and posterior fossa structures are relatively spared and thus appear hyperdense as compared with the surrounding cerebrum, the so-called "reversal sign" or "black brain."^[@B45]^ In unilateral cases, an additional wedge-shaped area of hypodensity in the contralateral frontal lobe is noted, reflecting subfalcine herniation.^[@B29]^ Diffuse hypodensity is not always apparent on the initial CT, but appears in 38% of cases.^[@B65]^ It has been also demonstrated that such hypodensities appear on initial CT scans performed as early as 1.2 hours after the report of injury, and become evident within 27 hours in all cases.^[@B65]^ This finding is not specific for abuse, but seen most often in association with abuse.^[@B29]^

Magnetic resonance imaging (MRI) is useful to detect white matter injury such as DAI, traumatic acute and subacute subarachnoid hemorrhage, and upper cervical spinal cord injury due to SBS. DAI is generally proven by detecting cerebral microhemorrhages (MHs), which are often associated with DAI. Localized axonal injury or DAI manifested petechial tissue-tear MH have been readily identified on T~2~\* gradient recalled echo (GRE) and susceptibility-weighted imaging (SWI).^[@B66],[@B67]^ It has been shown that SWI depicts 4--6 times as many MH compared to standard T~2~\* GRE imaging.^[@B67]^ Ultra-high field (7T) SWI is more sensitive than 3T SWI for the depiction of MH in DAI.^[@B68]^ It has been demonstrated that the presence of intraparenchymal MH in children with nonaccidental trauma, as detected on SWI, correlates with poor long-term neurologic outcomes.^[@B69]^ In addition, MRI is also useful to detect heterochronic intracranial hemorrhage such as chronic SDH. Diffusion-weighted MRI is now being used to study the direct effects of traumatic injury, as well as detecting secondary ischemic and hypoxic changes.^[@B40].,[@B67],[@B70],[@B71]^ Diffusion-tensor imaging, which allows evaluation of white matter fiber tracts by taking anisotropy of water diffusion, has been shown to be useful in identifying white matter abnormalities after DAI when conventional imaging appears normal.^[@B67]^ Magnetic resonance spectroscopy acquires metabolites information reflecting neuronal integrity and function, providing early prognostic information regarding outcome.^[@B67]^

Plain skull films are useful to detect skull fractures, which are found most commonly in the occipital or parieto-occipital regions. Multiple or complex skull fractures have been associated with abuse.^[@B63],[@B72],[@B73])^ A skeletal survey is essential in the evaluation of abused children, since extracranial abnormalities are detected in 30--70% of abused children with head injury.^[@B6],[@B63]^ A variety of skeletal injuries have been thought to be characteristic such as multiple posterior or lateral rib fractures and metaphyseal fractures, by detecting periosteal reaction and callus formation. Repeated skeletal survey or radionuclide bone scans are rarely useful to detect sites of subtle injury.^[@B74],[@B75]^

II.. Diagnostic tools
---------------------

With inflicted head injuries, an accurate history is rarely provided.^[@B29]^ Classical diagnosis depends on a high index of suspicion and the physical findings of a bulging fontanelle, head circumference greater than the 90th percentile, and retinal hemorrhage, but these signs and symptoms are nonspecific.^[@B18]^ Radiological and ophthalmological examination may provide useful information, however, to suspect and to achieve the diagnosis of child abuse may not be always easy. In recent years, various scoring systems, tools, and/or algorithms have been reported for the diagnosis of the abused child to differentiate from other types of traumatic brain injury in children. Hoskote et al. has reported the child abuse risk factor scoring system. As the abuse risk factors, five factors are presented in cases with acute SDH in children: (1) age less than 12 weeks, (2) inconsistent history, (3) retinal hemorrhage, (4) positive skeletal survey, (5) unexplained bruising.^[@B76]^ When three or more factors are met, probability of child abuse is as 100%, two as 93%, one as 82%. Aoki has reported judgment criteria of abused head trauma.^[@B36]^ Dashti et al. has reported algorithm for the diagnosis of AHT.^[@B77]^ These diagnostic criteria or the algorithms are not established yet as the clinical diagnostic criteria for AHT, however, they may be useful tools to protect the children who are suspected as victims of AHT. In addition, for an appropriate diagnosis of child abuse, history taking, careful physical examination, neuroradiological survey with CT and MRI, skeletal survey, ophthalmological examination, and social workers' cooperation as well as systematic survey may be necessary. It may be useful to establish a child protective service, which consists of social workers, pediatricians, radiologists, ophthalmologists, and neurosurgeons.^[@B29]^

III.. The role of physicians, including neurosurgeons
-----------------------------------------------------

As mandated reporters of suspected child abuse, neurosurgeons carry the burden of recognizing and responding to medical manifestations in AHT. To protect abused children from further repeated AHT, neurosurgeons must remain cognizant of the possibility of AHT in children who present with both subtle and overt neurologic symptoms, when a witness's report is hardly obtained from a third person. It is important to hospitalize an abused child under cooperation with a pediatrician to secure safety preventing future additional AHT, even on occasions that the diagnosis of AHT is less certain. In addition, neurosurgeons must take seriously the ethical and legal mandates to report suspected child abuse to governmental agencies for investigation.^[@B16]^ Such a report to the governmental agency should be done systematically by a child protective serviceteam, but not personally. On occasion that a parent is a perpetrator, such systematic management may prevent belligerent behavior of the perpetrator against a medical staff.

Management
==========

In an infantile AHT, surgical management may be indicated in cases with acute epidural hematoma and SDH, and chronic SDH. The surgical indication and techniques for them may not be different from those in cases with accidental injury. As the surgical managements for infantile acute SDHs, fontanelle puncture, trepanation, and hematoma removal via craniotomy have been reported. In cases with large acute SDH, decompression by the fontanelle puncture and subsequent craniotomy has been utilized. During the surgical managements, caution should be paid to avoid systemic hypotension. Pre-operative systemic anemia should be corrected by blood transfusion. As the post-operative managements, respiration, circulation, intracranial pressure (ICP), and cerebral perfusion pressure (CPP) should be managed to avoid secondary ischemia, in addition to anti-convulsant measures.

In severe cases, respiratory management with ventilator, blood gas, and systemic blood pressure monitoring under securing the arterial line, central venous pressure monitoring, ICP and CPP monitoring may be also utilized. Barbiturate coma therapy or hyperosmolar agents may be utilized for ICP and CPP management as necessary. For the management of epileptic seizures, oral, suppository, and transvenous administration of diazepam may be useful, as well as continuous intravenous administration of barbiturate. However, the value of aggressive management of ICP has not been established on the basis of outcome studies, which show infants who present with poor prognostic indicators, especially bilateral diffuse hypodensity on CT, have dismal outcome regardless of treatment.^[@B29]^

Conservative management may be also utilized in cases with thin acute SDH, traumatic subarachnoid hemorrhage, cerebral contusion, or diffuse brain injury. In such situations, status epileptics and hypoxia should be avoided. Even in cases with initially mild epileptic seizure, the brain results in secondary ischemia due to intracranial hypertension of respiratory suppression in case of status epileptics. In infant, prophylactic administration of anticonvulsant may be useful under tissue oxygen saturation monitoring.

As the surgical management for infantile chronic SDH, repeated dural puncture other than fontanelle, hematoma removal and irrigation via trepanation, and subduro-peritoneal shunt have been reported to be useful.

On occasion that a parent (or another caregiver) is a potential perpetrator, it is important to put both the child and the parent (or another caregiver) under surveillance without isolating. The role of physician, including neurosurgeon, is not to apportion blame or investigate potential criminal activity, but to identify the medical problems, treat the child's injuries, and offer accurate medical information to parents, families, child protective services, and law enforcements.^[@B16]^ Interaction with the parent in such an impassive manner, as well as systematic management, may rarely make a parent aggressive, to focus on the treatment of abused child.

The goal of the management for an abused child is to return the child to home safely and to restore a peaceful daily living. In Japan, since real mothers are the most common perpetrators, it seems not easily achieved to return the victims to home. On such occasions, the role of a neurosurgeon is to provide medical information (e.g., the timing of discharge, medical follow-up schedule, and so on) to child protective services or law enforcement, interpreting nonmedical professionals in an understandable manner.^[@B16]^

Prognosis
=========

It has been reported that patients with AHT present with motor, visual, and auditory impairments, and mental retardation as they grow.^[@B11]^ In 80% of cases with SBS, follow-up CT reveals severe atrophy of brain parenchyma, as well as various neurofunctional deficits.^[@B23],[@B78],[@B79]^ It is well known that the outcome and the prognosis of acute SDH are poor in abused infants. Miki reported the mortality as 32%, and the severely disabled including chronic vegetative state as 34%.^[@B5]^ In the United States, the mortality has been proposed to be ranged as 12--30%, and many of the survivors are severely disabled.

Haviland et al. reported the mortality as two out of 15 cases (13.3%). Of the survivors, nine (69.2%) showed major neurological handicaps and three (23.1%) showed moderate. Only one survivor was considered normal at discharge.^[@B80]^ Ludwig et al. reported the mortality of SBS as 15%, and the morbidity as 50%.^[@B18]^

Motor weakness is well known as a sequela caused by cerebral atrophy subsequent to primary traumatic and secondary ischemic injuries, as well as intellectual and developmental impairment. In addition, visual impairment is specifically complicated to limit social adaptation. It has been known that cognitive and/or behavioral disorders, neurological deficits, and visual impairments are often revealed by long-term follow-up even in cases with good outcome at the time of discharge.

Risk factors
------------

As a long-term outcome in infant with shaken/impact syndrome, Duhaime et al. reported the acute risk factors for poor outcome as unresponsiveness on admission, need for endotracheal intubation, age less than 6 months, epileptic seizures, apnea, uni- or bi-lateral diffuse hypodensity on CT.^[@B81]^ Patients who demonstrate such findings result in encephalomalacia in chronic stage, and are often complicated by chronic SDH. Foster et al. reported that hemispheric hypodensity on CT was associated with Pediatric Intensity Level of Therapy (PILOT) scores and daily maximal intracranial pressure, but not with age, initial Glasgow Coma Scale score, or mortality.^[@B82]^ The presence of skull fracture was more likely in the children who did not develop hemispheric hypodensity on CT.^[@B82]^ Johnson et al. stated that pre-hospital dyspnea/apnea occurred in 57% of patients with AHT, and that cerebral ischemia induced by traumatic apnea could be a major cause of poor outcome.^[@B46]^ Diffuse brain injury, as well as upper cervical cord injury, has also been a major cause of mortality and neurological handicaps.^[@B17],[@B24],[@B41]^ Relationship between the acute ophthalmological lesions and the outcome/prognosis has been also reported. The severity of the retinal hemorrhage^[@B32],[@B83]^ or the dense vitreous hemorrhage^[@B52]^ has been reported as a risk factor for poor visual and neurofunctional outcome.

Conclusion
==========

AHT, infants with acute SDH in particular, is a serious head injury and has been well characterized. Since it is a social pathological phenomenon influenced by the victims, perpetrators including parents and other caregivers, socioeconomic circumstances, and various aspects of it have potentials to change with time. Participants for the management and treatment of AHT should persevere to update the trends, knowledge, and characteristics of them.
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